Narrow L-dependent peaks commonly occur in the energy spectra of electrons precipitating from the inner radiation belt at L • 1.5-1.85, and the cause of the peaks has been attributed to cyclotron resonance interactions with waves generated by VLF transmitters. In the slot region, L-dependent peaks have also been reported at L • 2-3.5, but these have been predominately wider and consistent with their origin being cyclotron resonance interactions involving naturally occurring hiss. Here we investigate the infrequent occurrence of narrow peaks in electrons precipitating at L •> 2. From coordinated wave and plasma density measurements it is found that if the narrow peaks are formed by first-order cyclotron resonant interactions occurring close to the magnetic equator between narrow band waves and the trapped electron population, then the equatorial plasma density gradients are unusually steep. This finding is consistent with the evidence previously obtained by other techniques for structured plasma density profiles in that L shell region of space.
In the slot region of the radiation belts, Imhofet al. [1974] reported the appearance of L-dependent peaks in the energy spectra of precipitating electrons, but these peaks were generally much broader and less pronounced than those found in the inner belt. As part of an investigation which provided evidence that ground-based VLF transmitters precipitate substantial quantities of energetic electrons in the slot region, Vampola [1977] reported the observation of Ldependent precipitation spikes in the region 2 < L < 3.5. The widths of the peaks were not addressed in detail. Coordinated plasma wave and electron measurements were recently found by Imhof et al. [1982] to support the hypothesis that broad bands in the electron energy spectra were caused by cyclotron resonance interactions with the plasmaspheric hiss taking place near the equator.
Here with the same instrumentation as that used by Imhof et al. [1981, 1982] and with similar coordination techniques, we investigate the narrow peaks occasionally observed in the energy spectra of electrons precipitating from the radiaCopyright 1983 by the American Geophysical Union.
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0148-0227/83/003 A-1192502.00 tion belts near L = 2. It is important to understand the origin of these very narrow peaks at L shells higher than those on which narrow peaks are commonly observed.
COORDINATED WAVE AND ELECTRON DATA
In order to permit comparisons of the observed narrow electron peaks with the wave and plasma density environments, we shall make use of coordinated measurements performed with an electron spectrometer on the P78-1 satellite and with the plasma wave instrument on the ISEE 1 spacecraft. This same technique has been used previously for studies of the narrow peaks observed in the inner belt [Imhofet al., 1981] and the broad bands occurring in the slot region . The electron data were acquired with a high-resolution electron spectrometer on the P78-1 satellite, which was launched into a 96.7 ø inclination nearly circular orbit at --•600-km altitude on February 24, 1979. The spectrometer contains a 1000-/am thick silicon detector having an area of 4.5 cm 2 and surrounded by a plastic scintillator-photomultiplier anticoincidence shield to reduce background counts from penetrating particles. Continuous multichannel spectra were obtained with a 256-channel pulse height analyzer covering the energy range 69-1120 keV. The inherent energy resolution of the spectrometer is ---20 keV full width at half maximum (FWHM). The spectrometer was designed with a collimation angle of -+ 15 ø FWHM and a relatively large geometric factor of 0.69 cm 2 sr. The collimator axis is placed at 90 ø to the satellite spin axis which is oriented perpendicular to the orbit plane. The satellite spins with a period of --•5.5 s. For all of the electron data presented here the counting rate versus pitch angle profiles revealed that the particles were locally trapped. They were, however, precipitating from the radiation belts by virtue of being observed at positions where the mirror points have a minimum height below --• 100-km altitude at some longitude in the drift path; i.e., the electrons were only quasi-trapped.
The plasma wave intruments on the ISEE 1 and 2 space- conceive of another source mechanism for very narrow peaks that does not involve nearly monochromatic waves of transmitter origin. We therefore interpret the present data as providing further evidence in addition to that already existing for the occasional occurrences of very steep gradients in the near-equatorial cold plasma at L values near 2.
The plasma densities need not be as low if the wave frequencies correspond to those generated by the Soviet Alpha navigation transmitters, but in several observed cases the densities must still be unusually small even at frequencies as low as -13 kHz. Since there are no known powerful transmitters in regular operation at frequencies below -10 kHz, the need for exceptionally low plasma densities cannot be avoided simply by invoking a lower wave frequency.
